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ABSTRACT : PROBLEM TO BE SOLVED: To lessen a contact stress and a friction stress imposed on a 
silicon wafer at heating by a method wherein a movable support which absorbs the 
deformation of a semiconductor wafer at a thermal treatment is provided in each of 
support sections provided to support poles at a right angle with their axes, where the 
supports are arranged at a regular interval. 

SOLUTION: A thermal treatment jig is equipped with supports 13 which are each provided 
with a support section vertical to its axis and provided at a regular interval, and a silicon 
wafer 2 is put in a space surrounded with the supports 1 3 and supported by the support 
sections, wherein cutouts 1 3A are made to serve as the above support sections to 
indirectly support the peripheral part of the silicon wafer 2 from below. A movable 
spherical support 3 is placed on the lower surface 17A of each of the cutouts 13A to 
support the silicon wafer 2. Furthermore, a flat-bottomed recess 20 is provided so as to 
make the movable support 3 stay within a prescribed range. By this setup, when the 
silicon wafer 2 is deformed under its own weight or by heating, the movable support 3 is 
freely rolled in the recess 20 with the deformation of the silicon wafer 2. so that a friction 
can be restrained from occurring in a contacting surface between the silicon wafer 2 and 
the movable support 3. 
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ETAILED DESCRIPTION 

)etailed Description of the Invention] 

^ieW of the Invention] In case this invention heat-treats to a processed object, especially a disc-like wafer, 
relates to the fixture for heat treatment which supports a processed object. 

Description of the Prior Art] With reference to drawing 6 (a) and (b), the conventional fixture for heat 
eatment used for a vertical mold diffusion furnace is explained. Drawing 6 (a) is the front view showing the 
xture for heat treatment used for the conventional vertical mold diffusion furnace, and drawing 6 (b) is the 
erspective view showing the configuration of a stanchion part before long. 

D003] This fixture 1 for heat treatment consists of a quartz, silicon, etc., and four stanchions 13-16 with 
/hich each shaft has been arranged in parallel in the direction of a vertical are formed between circular 
rown plates 11 and bottom face-plates 12 which countered, respectively and have been arranged up and 
,own so that it may illustrate. Among each struts 13-16, two or more silicon wafers 2 are inserted, and it 

os Notches 13A-16A, 13B-16B, and so that the periphery section of the silicon wafer 2 may be 

upported from the bottom. Therefore, each struts 13-16 are located in the periphery of the silicon wafers^ 
^ stanchion 13 and a stanchion 16 are located in the place which is mostly equivalent to the diameter of the 
;ilicon wafer 2, and the stanchion 14 and the stanchion 15 are located in the periphery section of the silicon 
vafer 2 between a stanchion 13 and a stanchion 16. Moreover, it has become notchmg-like and the 
lirection of notching is a tangential direction of the periphery of the silicon wafer 2 so that Notches 13A- 
I6A, 13B-16B, and can carry out field support of a part of rim section of the silicon wafer 2 from the 

OoSnThe fixture 1 for heat treatment with which two or more silicon wafers 2 were inserted is inserted in a 
vertical mold diffusion furnace (not shown) as it is, for example, it is heated to 1000 [ hundreds - ] and 
lundreds of degreeC, and required processing is performed. 

0005] Next with reference to drawing 8 <a) and (b), the conventional fixture for heat treatment used for a 
lorizontal-type diffusion furnace is explained. Drawing 8 (a) is the top view showing the fixture for heat 
reatment used for the conventional horizontal-type diffusion furnace, and drawing 8 <b) is the perspective 
/iew showing the configuration of a stanchion part before long. 

0006] This fixture 100 for heat treatment consists of a quartz, silicon, etc., and four stanchions ncM it> 
with which each shaft has been arranged in parallel horizontally are formed between the circular bottom 
: ace-plates 111112 which countered right and left, respectively and have been arranged perpendicularly so 
rhat it may illustrate. Among each struts 113-116, two or more silicon wafers 2 are inserted perpendicularly, 

and it has Notches 1 1 3A-1 16A, 1 1 3B-1 16B, and so that the periphery section of the silicon wafer 2 

bottom may be supported. Therefore, each struts 113-116 are located in the periphery in the lower half of 
the silicon wafer 2, a stanchion 1 13 and a stanchion 1 16 are located in the place which is mostly equivalent 
to the diameter of the silicon wafer 2. and the stanchion 140 and the stanchion 1 1 5 are located in the 
periphery section of the silicon wafer 2 bottom between a stanchion 113 and a stanchion 1 16. Moreover, it 
has become notching-like and the direction of notching is a tangential direction of the periphery of the 
silicon wafer 2 so that Notches 113A-116A, 113B-116B, and can support a part of rim section of the 

ra007] Thefixture 1 for heat treatment with which two or more silicon wafers 2 were inserted is inserted in a 
horizontal-type diffusion furnace (not shown) as it is, for example, it is heated to 1000 [ hundreds - ] and 
hundreds of degreeC, and required processing is performed. 
[0008] 

[Problem(sj to be Solved by the Invention] The following troubles arise in the conventional fixture for heat 
treatment used for the vertical mold diffusion furnace mentioned above. 
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• 3091 Since yield stress becomes small with heating to the silicon wafer 2 and inferior-surface-of-tongue 
; of notch 13A A having touched with a fixed area (referring to c:.-=w:r£ - (a)) before heating as shown in 
e partial enlarged drawing near notch 13A of irs^c ~: . When it becomes easy to transform the silicon 
afer 2 with a self-weight and the touch area of the inferior-surface-of-tongue 17A and the silicon wafer 2 of 
)tch 13A becomes small (refer to cirsvTC 7 (b)), the contact stress which joins the silicon wafer 2 

icomes large. , * ■ , * i 

010] That is compared with a room temperature, the elastic modulus and yield stress of single crystal 
licon become low under an elevated temperature, respectively. If an elastic modulus becomes low, a 
afer will be [ become ] easy to deform, and if yield stress becomes low, it will become easy to produce a 
■arrangement (slip) Therefore, at heat treatment of a silicon wafer, a wafer comes to deform also by self- 
eight by low elastic-modulus-ization. According to this deformation, the touch area of notch 13A and the 
licon wafer 2 becomes small, and the contact pressure of the part which acts on the silicon wafer 2 
scomes large. Furthermore, since yield stress also becomes low, it becomes easy to produce a 
arrangement (slip). ... . _ 

i01 11 Furthermore in order that the point of contact 30 of notch 13A and the silicon wafer 2 may move 
^cording to deformation of the silicon wafer 2 (refer to drawing / (b)), frictional force arises to the silicon 
afer 2 

10121 Moreover this contact stress and frictional force increase further, when heat deformation actuation 
f stanchions 13-16, a crown plate 11, the bottom face-plate 12, and the silicon wafer 2 differs, respectively 
e when the heat expansion differences in the final heat treatment temperature of a silicon wafer differ), 
r when [ though the heat expansion differences in final heat treatment temperature do not differ, ] heat 
xpansion differences differ in the temperature at the time of being in a temperature up (or under a 

)01^ These' contact stress and frictional force make the silicon wafer 2 produce a slip, and a crack and 
ust, and these slips and cracks become the cause which spoils the material property and dependability of 

3oi4] Moreover, 2 1tie following troubles arise in the conventional fixture for heat treatment used for the 
orizontal-type diffusion furnace mentioned above. - ♦ 

30151 Since yield stress becomes small with heating as shown in the partial enlarged drawing near notch 
14A of drawina 9 , it becomes easy to transform the silicon wafer 2 into a longitudinal direction with a self- 
/eiqht According to this deformation, the silicon wafer 2 becomes slanting to notch 1 14A, the touch area of 
ie silicon wafer 2 and notch 1 14A becomes small (refer to drawing 9 ), and the contact stress which joins 
ne silicon wafer 2 becomes large. 

3016] Moreover, in order that the point of contact 130 of notch 1 14A and the silicon wafer 2 may move 
iccording to deformation of the silicon wafer 2, frictional force arises to the silicon wafer 2. 
00171 Moreover this contact stress and frictional force increase further, when heat deformation actuation 
)f stanchions 113-11 6, the bottom face-plate 1 1 1 , 1 1 2, and the silicon wafer 2 differs, respectively (i.e., 
vhen the heat expansion differences in the final heat treatment temperature of a silicon wafer differ) or 
vhen [ though the heat expansion differences in final heat treatment temperature do not differ ] heat 
jxpansion differences differ in the temperature at the time of being in a temperature up (or under a 

TOIffl^seoontact stress and frictional force make the silicon wafer 2 produce a slip, and a crack and 
just like the fixture for heat treatment used for the conventional vertical mold diffusion furnace mooned 
above, and these slips and cracks become the cause which spoils the material property and dependability 

WlIlThen the purpose of this invention is offering the fixture for heat treatment which reduces the 
;ontact stress and frictional force which are produced to a silicon wafer, and can maintain a silicon wafer 
-naterial property and dependability at the time of heating. 

Means for Solving the Problem] The fixture for heat treatment of this invention is characterized by having 
arranqed two or more stanchions equipped with the supporter perpendicular to a shaft at intervals ot 
predetermined so that a supporter might engage with the periphery section of a d.sc-l.ke semic o n ^ a ° h r . 
wafer and so that each shaft might become parallel to the direction of a vertical, and having the movable 
base material which absorbs the deformation at the time of heat treatment of a semiconductor wafer to 

each supporter. , A , ^ . 

r0021].Thus, since the movable base material which supports a semiconductor wafer moves so that 
deformation of a semiconductor wafer may~be-absorbed. the contact stress and frictional force which are 
produced in a semiconductor wafer can be reduced. 
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)22] The fixture for heat treatment of this invention is characterized by having a configuration spherical [ a 
)vable base material ] or approximately cylindrical 

)23] Thus, since it rotates so that a movable base material may absorb the deformation to compensate 
deformation of a semiconductor wafer, the contact stress and frictional force which are produced in a 
miconductor wafer can be reduced 

)24] The fixture for heat treatment of this invention is characterized by forming in the back face of the 
miconductor wafer of a supporter the crevice which restricts a movable base material to the 
sdetermined range. 

325] Thus, in order to form a crevice, it becomes possible to limit a movable base material to the 
sdetermined range. 

326] The fixture for heat treatment of this invention is characterized by forming the base of a crevice in 
id back face and parallel. 

327] Thus, in order to form a slot, it becomes possible to limit a movable base material to the 
sdetermined range. . 
328] The fixture for heat treatment of this invention is characterized by forming the base of a slot in the 

ape of convex. 

329] Thus, since the base of a slot has the shape of convex, it becomes possible to position a movable 
ise material. 

330] The fixture for heat treatment of this invention arranges two or more stanchions equipped with the 
ipporter perpendicular to a shaft at intervals of predetermined so that a supporter may engage with the 
jriphery section of a disc-like semiconductor wafer, and so that each shaft may become parallel 
>rizontally, and it is characterized by having the movable base material which engages with the rim of a 
jmiconductor wafer at each supporter, and follows in footsteps of change at the time of heat treatment on 
e front face of a wafer. 

031] Thus, since the movable base material which supports a semiconductor wafer moves to compensate 
r deformation of a semiconductor wafer so that the deformation may be absorbed, the contact stress and 
ctional force which are produced in a semiconductor wafer can be reduced. 

032] It is characterized by equipping the fixture for heat treatment of this invention with support opening 
nich a movable base material surrounds a part of rim of a semiconductor wafer, and has width of face a 
tie larger than the thickness of a semiconductor wafer. 

033] Thus, since it moves so that a semiconductor wafer may absorb the deformation in connection with 
^formation, since the movable base material was equipped with support opening, the contact stress and 
ctional force which are produced in a semiconductor wafer can be reduced more. 

[mbodiment of the Invention] Although this invention is a thing about the fixture for heat treatment used for 
vertical mold thermal diffusion furnace and a horizontal-type thermal diffusion furnace, it explains the 
dure for heat treatment first used for a vertical mold thermal diffusion furnace. 
035] Hereafter, one gestalt of operation of the fixture for heat treatment concerning this invention is 
<plained with reference to drawing 1 

i036] Drawing 1 (a) is the partial front view having shown near [ one ] notch 13A of the fixture for heat 
satment by this gestalt, and drawing 1 (b) is the top view of notch 13A which looked at section-A-A ' of 
-awing 1 (a) from the arrow head. 

i037] The configuration of the stanchion of the fixture for heat treatment by this gestalt is the same as that 
f what was explained by the Prior art. That is, as shown in drawing 6 , the boat 1 for heat treatment is a 
atch mold boat, and four stanchions 13-16 are formed between circular crown plates 1 1 and bottom faoe- 
lates 12 which countered, respectively and have been arranged up and down. 

I038] Among each struts 13-16, two or more silicon wafers 2 are inserted, and it has Notches 13A-16A, 

3B-16B and so that the periphery section of the silicon wafer 2 may be indirectly supported from the 

ottom. Therefore, each struts 13-16 are located in the periphery of the silicon wafer 2, a stanchion 13 and 
stanchion 16 are located in the place which is mostly equivalent to the diameter of the silicon wafer 2, and 
te stanchion 14 and the stanchion 15 are located in the periphery section of the silicon wafer 2 between a 
tanchion 13 and a stanchion 16. . 
)039] As shown in drawing 1 (a) and (b), as for the fixture 1 for heat treatment, the spherical movable base 
laterial 3 for which the silicon wafer 2 is supported to inferior-surface-of-tongue 17of notch 13A A is laid, 
>r example. Furthermore, in order to limit the movable base material 3 to the predetermined range, the 
revice 20 where a-oaseis ev.en.is formed. Such the movable base material 3 and a crevice 20 are 
repared for every notch. 

)040] With this gestalt, since the movable base material 3 can roll free inside a crevice 20 in connection 
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th that deformation even when deforming with the time of the silicon wafer 2 deforming with a self-weight, 
heating, friction produced into the contact part of the silicon wafer 2 and the movable base material 3 is 

oidable. 4 . . tt . ... 

341] Furthermore, since the area of the contact part does not change even if the contact part of the silicon 
jfer 2 and the movable base material 3 moves it, since the movable base material 3 has the spherical 
istalt, contact stress does not increase. 

342] Here the silicon wafer with a diameter [ of 20cm ] and a thickness of 0.725mm was actually laid in 
= spherical movable base material with a diameter of 10mm which consists of silicon carbide like this 
■start it put into the vertical mold diffusion furnace of a 1200-degree C hydrogen ambient atmosphere, 
id heat treatment of 1 hour was performed. Moreover, the fixture for heat treatment which supports a 
rect silicon wafer on the inferior surface of tongue of a notch like before for a comparison was used, the 
icon wafer with a diameter [ of 20cm ] and a thickness of 0.725mm was put into the vertical mold diffusion 
mace of a 1200-degree C hydrogen ambient atmosphere, and heat treatment of 1 hour was performed. 
0431 The slip ratio generated to the silicon wafer heated using both fixtures for heat treatment was 
>mpared (see the graph of drawing 10 ). Compared with the case (slip incidence rate 100) where the 
>nventional fixture for heat treatment is used, the direction at the time of using the fixture for heat 
=atment by this gestalt (slip incidence rate 1 0) has prevented the incidence rate of a slip sharply. 
044] In addition, this movable base material may be an approximately cylindrical configuration that what is 
=>cessary is just the thing of the rolling configuration. 

045] Next, another gestalt of operation of the fixture for heat treatment concerning this invention is 
<plained with reference to drawing 2 

i046] Drawino 2 (a) is the partial front view having shown near [ one ] notch 13Aof the fixture tor neat 
eatment, and drawing 2 (b) is the top view of notch 13A which looked at cross-section B-B" of drawing i 
i) from the arrow head. 

I047] When the silicon wafer is not carried by forming the base of crevice 20a for limiting the movable 
ase material 3 to the predetermined range so that it may become a convex configuration, this gestalt could 
arry out location ****** of the movable base material 3, and is made. Such a movable base material 3 and 
'evice 20a are prepared for every notch. 

)048] Like the gestalt of the operation which also mentioned above this fixture for heat treatment, since the 
lovable base material 3 can roll free inside crevice 20a in connection with that deformation even when 
eforming with the time of the silicon wafer 2 deforming with a self-weight, or heating, friction produced into 
le contact part of the silicon wafer 2 and the movable base material 3 is avoidable. 
)049] Moreover since the area of the contact part does not change even if the contact part of the silicon 
'afer 2 and the movable base material 3 moves it, since the movable base material 3 has the spherical 
estalt, contact stress does not increase. 

)050] Furthermore, since crevice 20a has the convex configuration, the movable base material 3 can 
Iways be located in a stabilization location before loading of the silicon wafer 2. 

)051] Here the spherical movable base material with a diameter of 10mm which consists of silicon carbide 
ke this gestalt was actually put on the abbreviation semi-sphere-like crevice, the silicon wafer with a 
iameter [ of 20cm ] and a thickness of 0.725mm was laid in this movable base material, it put into the 
ertical mold diffusion furnace of a 1200-degree C hydrogen ambient atmosphere, and heat treatment of 1 
,our was performed. Moreover, the fixture for heat treatment which supports a direct silicon wafer on the 
iferior surface of tongue of a notch like before for a comparison was used, the silicon wafer with a 
liameter [ of 20cm ] and a thickness of 0.725mm was put into the vertical mold diffusion furnace of a 1200- 
legree C hydrogen ambient atmosphere, and heat treatment of 1 hour was performed. 
D052] The slip ratio generated to the silicon wafer heated using both fixtures for heat treatment was 
ompared (see the graph of drawinq 10 ). Compared with the case (slip incidence rate 100) where the 
•onventional fixture for heat treatment is used, the direction at the time of using the fixture for heat 
reatment by this gestalt (slip incidence rate 20) has prevented the incidence rate of a slip sharply. 
0053] In addition, while the movable base material 3 enables it to move freely to the direction of a path by 
naking the flute width of crevice 20b smaller than the diameter of the spherical movable base material 3 as 
ihown in drawing 3 (a) and (b), a motion can be restrained [ except the direction of a path ]. 
0054] Next, the gestalt of operation of the fixture for heat treatment concerning this invention is explained 
vith reference to drawing 4 . 

0055] Drawinc 4 (a) is the partial front view having shown near [ one ] notch 13A of the fixture tor heat 
reatment, and^drawing^ (b) is-lheJop .view of. notch.13A which looked at cross-section C-C of drawing ^ 
a) from the arrow head. ^ ,. , _ . 

0056] As shown in drawing 4 {a) and (b), the guide 4 which carries out field support of the silicon wafer 2 is 
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• rmed in infenor-surface-of-tongue 17of notch 13A A. and the guide 4 is fixed to revolve so that it can 
tange focusing on the supporting point 40 in the horizontal plane of the top face, and the range with the 
~lude angle to make. Such a guide 4 is formed for every notch. 

057] Since a guide 4 runs by the gestalt of this operation so that that deformation may be absorbed even 

len the silicon wafer 2 deforms, friction produced to the silicon wafer 2 is avoidable. 

058] Moreover, since a guide 4 supports the silicon wafer 2 in a field, it can make small stress 

jncentration which joins the silicon wafer 2 as compared with the gestalt mentioned above. 

059] Here the silicon wafer with a diameter [ of 20cm ] and a thickness of 0.725mm was actually laid in 

e guide which consists of silicon carbide like this gestalt, it put into the vertical mold diffusion furnace of a 

>00-degree C hydrogen ambient atmosphere, and heat treatment of 1 hour was performed. Moreover, the 

rture for heat treatment which supports a direct silicon wafer on the inferior surface of tongue of a notch 

;e before for a comparison was used, the silicon wafer with a diameter [ of 20cm ] and a thickness of 

725mm was put into the vertical mold diffusion furnace of a 1200-degree C hydrogen ambient 

mosphere. and heat treatment of 1 hour was performed. 

,0601 The slip ratio generated to the silicon wafer heated using both fixtures for heat treatment was 
Dmpared (see the graph of drawing 10 ). Compared with the case (slip incidence rate 100) where the 
jnventional fixture for heat treatment is used, the direction at the time of using the fixture for heat 
eatment by this gestalt (slip incidence rate 40) has prevented the incidence rate of a slip sharply. 
1061] Next the fixture for heat treatment used for a horizontal-type thermal diffusion furnace is explained. 
I062] The gestalt of operation of the fixture for heat treatment concerning this invention is explained with 
rference to drawina 5 . 

)063] Drawing 5 (a) is the partial front view having shown near [ one ] notch 1 13A of the fixture for heat 
eatment, and drawing 5 (b) is the front view of notch 1 14A which looked at cross-section D-D' of drawing 5 

i) from the arrow head. , . „_ *u * 

)064] The configuration of the stanchion of the fixture for heat treatment by this gestalt is the same as that 
f what was explained by the Prior art. That is, as shown in drawing 8 , the boat 1 00 for heat treatment is a 
atch mold boat, and four stanchions 113-116 are horizontally formed between the circular bottom face- 
lates 111,112 which countered right and left, respectively and have been arranged. 
)065] Among each struts 113-116, two or more silicon wafers 2 are inserted perpendicularly, and it has 

lotches 113A-116A 113B-116B, and so that the periphery section of the silicon wafer 2 may be 

upported Therefore each struts 113-116 are located in the periphery in the lower half of the silicon wafer 
a stanchion 1 13 and a stanchion 1 16 are located in the place which is mostly equivalent to the diameter 
f the silicon wafer 2, and the stanchion 1 14 and the stanchion 1 15 are located in the periphery section of 
le silicon wafer 2 bottom between a stanchion 1 1 3 and a stanchion 116. 

)066] As shown in drawing 5 (a) and (b), the movable base material 30 which supports the silicon wafer 2 
; formed in notch 1 14A. The movable base material 30 is fixed to revolve by the stanchion 1 14 so that 
eformation of the silicon wafer 2 may be absorbed, namely, so that it can change focusing on the 
upporting point 40 in the front face of the silicon wafer 2, and the range with the include angle to make, 
•he support opening 41 with a little wide width of face is formed in the supporting section of the silicon 
/afer 2 of the movable base material 30 from the thickness of the silicon wafer 2. The movable base 
naterial 30 which has such support opening 41 is formed for every notch. 

D067] Since it moves by the gestalt of this operation in connection with deformation of the silicon wafer 2 
;o that the movable base material 30 may absorb that deformation even when the silicon wafer 2 deforms 
i/ith heating friction produced to the silicon wafer 2 is avoidable. Furthermore, even if the silicon wafer 2 
leforms, the silicon wafer 2 and a supporter maintain field contact, and contact stress does not increase, 
>jther 

0068] Here the silicon wafer with a diameter [ of 20cm ] and a thickness of 0.725mm was actually laid in 
he spherical movable base material with a diameter of 10mm which consists of silicon carbide like this 
lestalt it put into the horizontal-type diffusion furnace of a 1200-degree C hydrogen ambient atmosphere, 
ind heat treatment of 1 hour was performed. Moreover, the fixture for heat treatment which supports a 
lirect silicon wafer in respect of a notch like before for a comparison was used, the silicon wafer with a 
iiameter [ of 20cm ] and a thickness of 0.725mm was put into the horizontal-type diffusion furnace of a 
1200-degree C hydrogen ambient atmosphere, and heat treatment of 1 hour was performed. 
0069] Both fixtures for heat treatment were used and the slip ratio generated to the heated silicon wafer 
vas compared (see the graph of drawing 10 ). Compared with the case (slip incidence rate 100) where the 
jonventional. fixture foF.,heat treatments used, the directions at the time of using the fixture for heat ^ 
reatment by this gestalt (slip incidence rate-85) have decreased in number the incidence rate of a slip. 
0070] In addition, if a movable base material is the mode which can absorb change of the flat surface of a 
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• ' icon wafer, what kind of thing is sufficient as it. 

flfect of the Invention] According to this invention, the contact stress and frictional force which are 
oduced to a silicon wafer at the time of heating can be reduced, and the fixture for heat treatment which 
>n maintain a silicon wafer material property and dependability can be offered. 



ranslation done ] 
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